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Abstract. 2014 Transfer matrix spectra, which are directly related to the conductance g of a many channel elastic scatterer, are studied in presence of random spin-orbit interactions. A first method, inspired by Imry's theory of universal conductance fluctuations, leads us to describe these spectra by a distribution of maximum information entropy. Using a second method, we write the transfer matrices in terms of a microscopic Hamiltonian, for which a statistical law is assumed. One shows that the level spacing distribution and the spectral rigidity, yielded by these two different procedures, are identical and agree with the statistics of the symplectic ensemble for sample size smaller than the localization length and larger than the elastic mean free path. Scaling theory of localization is discussed in the light of this new random matrix theory approach.
Important consequences of spin-orbit coupling conceming universal conductance fluctuations and 1/f noise are emphasized.
J. Phys. France 49 (1988) A disordered system is by definition so complicated that it is a hopeless task to try to consider a given specimen : only a statistical ensemble, which is more or less arbitrarily defined, can be studied. This contrasts with experiments, which are in general performed on a single sample, but one could hope that, as the system size L becomes large, a law of large numbers would apply, and that the conductance g (L ) of different members of the same ensemble would converge towards a unique ensembleaveraged conductance (g (L)&#x3E;. A scaling theory [1] of localization has been formulated, the parameter of which being precisely (L ) ) . However [4] on the dependence of g as a function of the Fermi energy or the applied magnetic field. Perturbation analysis in the weak disorder limit [5, 6] independent of its size (at T = 0), or its average conductance. Therefore, these conductance fluctuations, which have been observed for a wide range of materials where inelastic effects can be neglected (or trivialy taken into account), turn out to be both larger than expected by naive classical reasoning [7] and universal. Let us emphasize that relation (1) and therefore to define a probability density p (X) on the matrix space. Here, we introduce a maximum entropy hypothesis, by taking for p (X ) the most uniform probability density, given some constraints which contain all the known specifics of our model [15] . The The interaction term between the eigenvalues is stronger than for systems with spin-independent hopping, without time-reversal symmetry (Bi = 2 characteristic of the unitary ensemble) or with timereversal symmetry (13 = 1 characteristic of the orthogonal ensemble) [10] . Therefore the spectrum of Xis more rigid and the fluctuations of g are smaller.
In part 3, the amount of information 1 (p ) contained in the probability density p (X ) is defined, and among the various densities consistent with an a priori given spectral density u (x) for X, we choose for p (X ) the one which carries the least amount of information I (p ).
Integration over the eigenvectors gives :
Part 4 is based on an entirely different approach. An Anderson model is defined by a microscopic
Hamiltonian, for which a statistical law is assumed.
X is deduced from the Hamiltonian and its eigenvalues are studied numerically, for metallic samples (L L g, where g may be infinite).
The global variation of the spectrum, characterized by the spectral density u (x) is studied in part 4.1. Since this function is taken as an a priori constraint, we sketch how the known behaviour for a disordered metal (Ohm's law, weak localisation correction) and the hypothesized scaling behaviour could be contained in a (X). A more detailed study [17] in the orthogonal case will be published elsewhere.
The local properties of the rescaled spectrum after discarding the effect of the fast variation of u (x ), are studied in part 4 [18] and in absence of phase breaking process outside the studied sample (non local regime of measurement [19, 20] and time reversal symmetry yields :
The transfer matrices in the real-space that we shall study in part 4 have the same symmetries than P, while the symmetries of T correspond to the transfer matrices in the channel representation of the leads (pure system). Therefore, dM is entirely determined by 2 n real elements J.L (i = 1, ..., n ; p = 1, 2) and 2(n2-n) real elements (Atp])R, (À)I' (/Xlpj')R and (J.L)I (i j ; j = 1, ..., n ; p = 1, 2) which vary independently through some small intervals of lengths. (The indices R and I stand for the real and imaginary parts).
Let us define the measure &#x3E; (dQ ) of an infinitesimal neighbourhood dQ of Q by the product of the variations of those independent elements of dM.
To make this definition unique, it remains to be proved that &#x3E; (dQ ) is independent of the particular P which has been chosen. Let where both P and P' satisfy equations (1.13) and (1.14) . The Defining an infinitesimal matrix dM' with relation (2.3), after substituting P' for P, one gets :
To prove that the measure J.L (dQ) derived from dM is identical to the measure J.L' (dQ) that one would obtain from dM', we need to show that the Jacobian : has absolute value unity. A proof of this is given in appendix II. Thus the volume JL (dQ) is unique.
Incidently we have established that for a fixed Q, the matrix P is indetermined precisely to the extent of a transformation P -B . P where B is an arbitrary matrix which satisfies relations (2.10).
We wish now to express the measure /i (dQ ) in terms of the measures &#x3E; (dD ) and g (dA ) defined on the matrices D and A separately (rotation (1.15) ). where we have used dC = -dC + .
This involves for dM:
Since lk (dQ ) is unique, we are free to choose any P such that Q = P + P for defining u (dQ ). A convenient choice is P = Dl12 A, which yields : As defined previously, WD measures the fluctuations of the spin-independent site-potentials and Wso characterizes the spin-dependent random hopping.
We have studied, for two cases, 250 disordered squares (L = M = 20 and E = 0).
Following Evangelou and Ziman [22] , the case b is in an extended phase, since localization occurs at WD = 7 for Wso = 1. Case a is in the metallic regime of a localized phase.
In figure 2 , one can see that :
(i) The density of { a i)} is approximately uniform ;
(ii) { a i)} are more equally spaced in average with spin orbit coupling than without.
We have observed in the orthogonal case [17] that larger squares give basically the same results than [23] .
We assume that a similar convergence to a twodimensional limit exists also for the symplectic case, as sketched in figure 3 . [24] and by Alt'shuler et al. [25] .
Assuming that a i) varies linearly with i, with a slope a, (Fig. 4) , one gets for the spectral density a (x) in the continuous limit.
Let us note that a min is by definition the inverse localisation length of the infinite two-dimensional lattice. In addition, let us assume that a is the inverse elastic mean free path.
One has :
The continuous approximation (4. 
